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Rob Malenka grew up in Belmont, Massachusetts, where he spent much of his time playing sports. During a year off from Harvard College, he became enthralled with neuroscience while working in Bob Feinberg's UCSF sleep laboratory. He arrived at Stanford 40 years ago and soon joined the lab of Jeff Kocsis and Steve Waxman, who introduced him to the excitement of basic neurophysiology research. Five years later, he received his MD and PhD from Stanford and over the ensuing 6 years simultaneously completed psychiatry residency at Stanford and a postdoc at UCSF. Malenka became fascinated by the topic of synaptic plasticity, both in terms of its molecular mechanisms and its potential functions in behaviors, topics that he continues to actively pursue in his current lab. At UCSF, he forged a productive collaboration with Roger Nicoll; together they elucidated many of the now well-established mechanisms of LTP and LTD. In 1999, he returned to Stanford as the Pritzker Professor of Psychiatry and Director of the Nancy Pritzker Laboratory. He serves leadership roles at Stanford as Deputy Director of the Stanford Neurosciences Institute and Associate Chair of the Department of Psychiatry. His lab continues to focus on core molecular mechanisms of synaptic plasticity and the circuit adaptations that contribute to adaptive and pathological motivated behaviors. He is a member of the National Academy of Sciences, the National Academy of Medicine, and the American Academy of Arts and Sciences. His numerous awards include, most recently, the SFN Julius Axelrod Prize.
Neuron is marking its 30 th anniversary this year. Which Neuron papers have struck you as truly elegant and why? There have been so many spectacular Neuron papers over the last decades, it is difficult to choose. At the risk of arrogance, I will go back several decades and start with two of my own papers. One, published in Neuron's inaugural year (Neuron 1, 911-917; December, 1988) , presented simple electrophysiological results that provided strong evidence that classic LTP must involve some postsynaptic modification. The paper's forceful title helped stimulate a productive debate over the next 10 years about the locus of expression of LTP. A second paper (Neuron 15, 427-434; August, 1995) provided evidence for ''silent synapses,'' which in turn provided a hypothesis that could explain a large body of contradictory results. Importantly, this work stimulated the field to vigorously pursue the idea that AMPA receptor trafficking is a fundamental mechanism for many forms of synaptic plasticity.
Fast forwarding a decade or two, the development and implementation of sophisticated tools have revolutionized neuroscience research. A paper that had major impact on my own work and that of many other labs was the description by Wickersham, Callaway, and their colleagues (Neuron 53, 639-647; March, 2007) of the monosynaptic rabies virus tracing technique, which allows identification of neuronal populations that are monosynaptically connected to genetically targeted neurons. This technique and its subsequent modifications have revolutionized our ability to delineate neural circuits and study their functions. Another paper, which highlighted a major advance from the Sabatini lab, reported in Neuron (Neuron 63, 429-437; August, 2009 ) the application of continuous wave stimulated emission depletion (STED) to two-photon laser scanning microscopy (2PLSM) to achieve high-resolution, beautiful images of dendritic spines from intact brain tissue. A final paper worth mentioning from the Sternson lab (Neuron 82, 797-808; May, 2014) expanded the utility of chemogenetics such that they could achieve silencing of synaptic transmission at specific sets of connections with great specificity and then used this approach to delineate novel elements of a feeding circuit in the mouse brain.
What future direction in neuroscience are you most excited about? I am most excited about new technology platforms that will allow us to utilize animal experimental systems such as mice to advance understanding of the human nervous system in a much more efficient and productive manner than in the past. I hope with the ability to manipulate cells and circuits in both animals using genetic and stimulation approaches (e.g., optogenetics, chemogenetics, DBS) and less precise but comparable approaches in humans (e.g., rTMS, DBS, ultrasound) as well as comparable imaging modalities in animals and humans (e.g., fMRI), the two communities of scientists (basic/animal and human/clinical) will have a basis for more robust and productive scientific communications, which in turn will advance knowledge of adaptive and pathological human brain function in more rapid and serious ways.
How would you like to see neuroscience evolve over the next 30 years? As I just stated, I would like to see much more productive interactions between clinical neuroscientists studying human subjects and scientists using other experimental systems such as rodents in which more invasive assays and manipulations can be performed. This will require much better bidirectional communication between investigators working in different species as well as forums and funding mechanisms that will encourage groups of investigators to work together in serious ways, rather than be siloed within their own relatively narrow discipline and approach. On the other hand, we need to be very thoughtful about which types of interactions have the highest potential for moving the field forward most effectively. I also hope that neuroscientists and neuroscience leaders will not shy away from addressing questions that I think are of fundamental importance for the future of our species and planet. For example, studying neurodegenerative diseases such as Alzheimer's is certainly of great importance. However, of equal if not greater importance is studying the neural mechanisms underlying aggression and anger as well as empathy and compassion. It does us no good to live longer with less cognitive impairment if we remain irrationally angry at individuals who appear different from us and we are unable to have empathy and compassion for those who are less fortunate than us.
Which aspect of science would you wish the general public knew more about? I wish the general public had a greater appreciation for the creativity that underlies great science and the passion that many scientists bring to their work. I also wish they had a better understanding about the biological basis of our origins as well as the biological basis of our thoughts, feelings, and behavior.
What is your guiding philosophy for running your lab? As a senior PI who has been running a lab for almost 30 years, I try to recruit the brightest and most independent students and postdocs that I can find. I then give them freedom to discover and create while maintaining adequate control over the topics they are pursuing and helping them stay on track, within reason. I believe that the best science is generated by individuals who have an inner fire to discover and achieve. I try not to ''order'' my student and postdoc colleagues to do some experiment. I try to listen to their opinions and then together we come up with the best path forward. I try to not view myself as the boss of my lab but rather a colleague whose experience justifies many of my opinions. If I have to provide an individual in my lab the motivation to work hard and succeed, they will never succeed on their own. I also believe in the ''work hard, play hard'' approach to life and think it is valuable to have a healthy perspective on what activities in life are truly important.
What are the questions that inspire your lab? As both a basic neuroscientist and psychiatrist, I have pretty broad interests. Leading questions I am trying to pursue currently include: what are the detailed molecular mechanisms underlying the delivery and stabilization of AMPA receptors following the triggering of LTP? What neural circuits in the brain are the most critically involved in mediating reward and aversion with a focus on neuromodulatory systems that use dopamine, serotonin, and oxytocin? How do the circuits involved in mediating reward and aversion change during disease states that we term ''addiction,'' or ''depression,'' or ''autism''? Can probing molecular, synaptic, and circuit actions of MDMA (commonly known as ecstasy) provide insight into the brain mechanisms mediating prosocial behaviors including, perhaps, compassion and empathy? How can I work with colleagues who study human subjects to advance understanding of human brain function and pathology?
Do you have a favorite anecdote from doing science that you'd like to share? I still remember the first time I generated LTP in a hippocampal slice and appreciated how cool it was and that there were a ton of experiments to do to try to solve its mechanisms. I also vividly remember the first time I appreciated the importance of AMPA receptor trafficking and how that simple concept could explain both LTP and LTD. And that I might be able to be the first one to show that it can happen since nobody seemed to be attacking it with the best combination of electrophysiological and cell biological tools. I also remember the first time I appreciated the importance of the mesolimbic dopamine circuit and how little we actually knew about its function and its plasticity. And once again, realizing how many experiments needed to be done on this general topic.
What has been the highlight of your career? I have been fortunate in having several highlights, which all involve going into new fields and making discoveries that helped establish new concepts and approaches and, to some degree, established new fields of inquiry in and of themselves. Some colleagues may disagree but with help from Mark Von Zastrow and Roger Nicoll, I started the field that encompasses studying in mechanistic detail the trafficking of AMPA receptors into and out of synapses and its modulation by activity. I'm also pleased that my earlier work on the triggering of LTP and LTD still seems to stand up and is now textbook knowledge. Other highlights include being the first to demonstrate how combining ex vivo slice electrophysiology with in vivo experiences (e.g., drug administration) can lead to insights about the synaptic adaptations caused by experiences. Finally, I was among the first to point out that we have to study cells, such as dopamine cells, using modern tools such as optogenetics, not as homogeneous populations but based on the circuitry in which they are embedded, for example, the brain areas to which they project.
Who were your key early influences? As a 20-year-old undergraduate, Irwin ''Bob'' Feinberg let me work in his sleep research laboratory at the San Francisco VA Hospital and spent hours talking to me about his work and brain-behavior relationships in general. As a naive Stanford medical student, Jeff Kocsis and Steve Waxman took me into their lab and taught me how to do experimental science and why it can be an exciting and enjoyable adventure. At UCSF, Roger Nicoll taught me how to ask important questions and take the most rigorous approaches possible to make sure the answers one gets are reflecting the truth, and not one's own wishes. He taught me that if there is an experiment to do that disproves your hypothesis, you are duty bound to perform that experiment.
What's your favorite experiment?
That's a tough question. Two of my favorites are ones that I did myself: the first was simply applying a phorbol ester to a hippocampal slice and watching the field EPSP grow and grow and grow. It was an easy experiment that worked every single time and resulted in a paper in Nature (Nature 321, 175-177; May 1986 ). The other involved using a photolabile calcium buffer, diazo-4, and an elegant experimental design in hippocampal slices to demonstrate that the rise in calcium required to trigger LTP needs to last only about 2 s (Neuron 9, 121-128; July 1992). It was fun thinking up the design of that experiment and then performing it.
What motivated you to become a scientist? I did not like attending medical school or seeing patients. I needed to find something else to do and loved going to the library and reading articles in neuroscience journals. (Yes, this was at a time when there was no internet and all research articles were in bound copies of journals placed on endlessly long shelves that one had to collect and then xerox.) Then I discovered that doing experiments was fun, especially when they worked and that science could be a highly creative process.
What career paths did you consider other than a scientist? Being a clinical psychiatrist, neurologist, or neurosurgeon. Over the last two decades, I have not infrequently considered leaving academia for the biotech or pharma worlds.
What is your view on big datagathering collaborations as opposed to hypothesis-driven research by small groups? Both are needed as are pure curiositydriven experimental observations. It is very important to allow investigators to explore findings and make observations without insisting that it be in the context of ''hypothesis-driven research.'' Some of the most important findings in neuroscience came from curious scientists just paying attention to their results as they performed experiments with no preconceived notions of what they would see. I am mildly concerned about the ''hype'' behind big data approaches and the insights that we will garner from using machine learning and other types of AI approaches to understand and annotate ''big data.'' Like every other experimental approach, it will be critical that conclusions generated from big data collaborations are tested for their replicability and validity.
What do you think are the biggest challenges science as a whole is facing today? Science is a reflection of the society in which it is embedded. I strongly support providing science education from early ages and making it accessible to as broad a segment of our society as possible. That's the only hope for increasing the proportion of our society who will accept scientific ''facts'' based on the preponderance of the evidence and will trust expert testimony from scientific ''experts.'' I also think there are many ways to improve the administration and conduct of science in the United States. However, implementing changes will be very difficult if not impossible because we live in a democracy, which continues to embrace many irrational bureaucracies and policies. How do you view the level of crosstalk between disciplines (for example, physics, mathematics, engineering, humanities, and social science)? I think it is improving in significant ways but has a long way to go. One challenge is educating non-neuroscience colleagues about what is ''known'' while simultaneously helping them to understand the enormous challenges inherent in attempting to understand the overwhelming complexity of the mechanisms underlying brain function. Non-neuroscientists, like lay people, often want simple answers to very complex questions.
Where do you see the strongest potential for progress and new breakthroughs in neuroscience? I am influenced by my clinical background and thus think that there is great potential for changing how psychiatry is practiced based on advances in neuroscience. In the late 90s, I gave a talk for the SFN to congressmen about the future of psychiatry and stated that brain imaging techniques and genetics had the potential to revolutionize the diagnostic nosology and treatment of mental illnesses. I hope that we are finally on the cusp of such major changes by combining biologically based assays (e.g., fMRI, high-density EEGs, genome sequencing) with 24/7 mobile app monitoring, while never forgetting the importance of person-toperson empathic interactions. I also think that there are big pay-offs in the future for the biotechs and pharma who have not given up on developing new therapeutics for the large proportion of the population suffering from mental illness.
What do you think are the biggest challenges for the education of future scientists? In the context of neuroscience, a major challenge is that the knowledge we now have is overwhelming and the various topics we study under the rubric of ''neuroscience'' are enormous. ''Neuroscientists'' who study cognitive processes in human beings using fMRI need different training than ''neuroscientists'' who are studying the function of a single neuronal protein using structural biology approaches. I think neuroscience PhD programs need to re-think how they conduct their business and appreciate that it is okay for students to specialize very early during their education.
What advice do you find yourself giving to your students and postdocs? Become a scientist because you love it or at least like it more than anything else you would consider doing for a living. Do science because most days you would rather be at the lab (thinking about or discussing science or doing your experiments) than some other place. If you don't feel that way when you're early in your career, you should probably find a different profession. I also tell them to have thick skin and not take criticisms too personally. Scientists are trained to be critical and what we do 95% of the time is criticize each other.
How do you find inspiration? By reading broadly and paying attention to world events, which continually remind me how desperately we need to understand our brains so that we can understand how it is as a species that we are capable of such astounding creativity and at times compassion and generosity while also being capable of absolutely horrific, despicable behaviors.
What question keeps you awake at night? Am I doing enough to help people in my lab move their projects forward? Am I making any real progress in understanding how the brain works or am I trying to address questions that are impossible to answer?
What do you do when you're not in the lab? I like to travel to interesting places, which I have not seen. While at home, I like to play tennis, watch sports and movies, and hang out with friends-anything to get my mind out of the lab.
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